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ABSTRACT

Thi s handbook covers design criteria for electric power distribution systens

i ncl udi ng basic data, overhead and underground distribution systens, submarine
cabl e systens, and substations. The basic design gui dance has been devel oped
from extensive reevaluation of facilities and is intended for use by

experi enced architects and engi neers.
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FOREWORD

Thi s handbook has been devel oped from an evaluation of facilities in the shore
establ i shnent, from surveys of the availability of new materials and
construction methods, and from sel ection of the best design practices of the
Naval Facilities Engi neering Command ( NAVFACENGCOM), ot her Governnent

agenci es, and the private sector. This handbook was prepared using, to the
maxi mum ext ent feasible, national professional society, association, and
institute standards. Deviations fromthis criteria, in the planning,

engi neering, design, and construction of Naval shore facilities, cannot be
made wi t hout prior approval of NAVFACENGCOM HQ Code 04.

Desi gn cannot remmin static any nore than can the functions it serves or the
technol ogies it uses. Accordingly, reconmendations for inprovenent are
encour aged and shoul d be furnished to Commander, Pacific Division, Nava
Facilities Engineering Command, (Code 406), Pearl Harbor, H 96860-7300;

Tel ephone (808) 471-8436.

THI S HANDBOOK SHALL NOT BE USED AS A REFERENCE DOCUMENT FOR PROCUREMENT OF
FACI LI TIES CONSTRUCTION. I T IS TO BE USED I N THE PURCHASE OF FACI LI TIES
ENG NEERI NG STUDI ES AND DESI GN ( FI NAL PLANS, SPECI FI CATI ONS, AND COST

ESTI MATES). DO NOT REFERENCE I T IN M LI TARY OR FEDERAL SPECI FI CATI ONS OR
OTHER PROCUREMENT DOCUMENTS.
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SECTION 1: | NTRODUCTI ON

1.1 Scope. This handbook presents data and considerations that are
necessary for the proper design of overhead and underground distribution
systens, submarine cable systens, and substations having nmedi umvoltage (601
to 35,000 V) or lowvoltage (up to 600 V) secondaries.

1.2 Cancel l ati on. This handbook supersedes M L-HDBK-1004/2, Power
Distribution Systens, of 31 March 1988 and Notice 1 of 15 February 1991

1.3 Techni cal Factors. Ensure that design does not violate these
techni cal constraints.

1.3.1 Feeders. Do not exceed a 3 percent voltage drop for primary
feeders; however, final sizing of feeders is based normally on their current-
carrying capacities.

1.3.2 Current (Anpere) Levels and Interrupting Duties. Keep current
levels and interrupting duties at reasonable values to avoid the use of heavy
conductors and expensive sw t chgear

1.3.3 Equi pnrent Requirements. Equi prent nmust, as a mnimum neet al
requi rements of the National Fire Protection Association (NFPA) 70, Nationa
El ectri cal Code (NEC)

1.3.4 Weat her Extrenes. Where severe extrenes of weather occur such as
heavy snow, high noisture, or fog, design should be nodified to take such
destructive el enents into account. Design for tropical areas shall be in
accordance with M L-HDBK-1011/1, Tropical Engineering. Design for
distribution in permafrost or frost-susceptible soils should be based on the
gui dance given in the U S. Arny Corp of Engineers, TM 5-852-5, Arctic and
Subarctic Construction, Uilities. Locations where contanination by industry
or salt air can occur may require over-insulation of electric lines. Loca
practice should usually be followed. The usual service conditions of nmany

i ndustry specifications are based on ambient tenperatures not to exceed 40
degrees C (104 degrees F) and altitudes not to exceed 3,300 feet (1000 m.
Specific industry standards referenced should be checked and unusual service
conditions noted in the project specifications. Transforner ratings (overload
capacity) may be extended or decreased dependent upon amnbi ent tenperatures as
covered in Section 2.

1.3.5 Local Codes. Where state safety rules are predoninantly accepted as
a standard in that state, such rules may be used provided they are essentially
as stringent as those of NFPA 70, the American National Standards Institute
(ANSI) C2, National Electrical Safety Code (NESC), and approval of
NAVFACENGCOM Headquarters is obtained. An exanple of such a code is the State
of California Public Uilities Conm ssion, General Order No. 95, Overhead Line

Construction. This code is also of interest because it has nore extensive
coverage on arm ess construction than does ANSI C2, and it contains usefu
data on conductors, clearances, typical problens, and illustrative diagrans on
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various rules. The wind and ice | oadings are different fromthose of ANSI C2,
but the clearances illustrated are generally nore stringent. Use of these
illustrations will provide a safe and economic installation. The Institute of
El ectrical and El ectronics Engineers (I EEE) al so publishes C app, NESC
Handbook whi ch was devel oped to aid users in understanding and correctly

appl ying this code.

1.4 Econom ¢ Factors. Base the number of circuits and vol tage on
econom ¢ consi derations. Where necessary provide life cycle cost analyses in
accordance with NAVFAC P-442, Econom ¢ Anal ysis Handbook.

1.4.1 Nunmber of Circuits. Keep the nunmber of circuits to a m ninmm
wi t hout conmprom sing reliability, continuity of service, or any of the
technical factors stated previously and thus avoid excessive initial cost.

1.4.2 Vol tage. Select a distribution voltage which nost econonically
provi des for the magnitude, voltage regulation, and | ength of feeders (refer
to ML-HDBK-1004/1, Prelinmnary Prelimnary Design Considerations). Were
groups of large notors are to be served by the distribution system the nost
econom cal notor voltage is generally the nost appropriate distribution
vol t age.

1.4.3 Transformer Losses. Mst manufacturers offer a variety of designs
where decreased | oss design is offset by increased cost. Both no-load (core)
and 100 percent load (coil) losses, plus transforner efficiencies at various

| evel s are nornmally avail able fromthe manufacturer. In general, a heavily

| oaded transforner has | ower | osses, and therefore has lower |ife cycle cost,
than when it is lightly |loaded. Usually, transformers are manufactured wth
cores made of silicon-steel materials. Mre recently devel oped transforners,
referred to as "the Anorphous Core Transformers," with cores nmade of anorphous
nmetal, are also comecially available. |In conmparison with transformers with
silicon steel cores the anorphous core transformers reduce core | osses by
approximately 70% The initial cost of an anorphous core transfornmer is about
twice that of a silicon steel core transforner, but the life cycle cost can be
significantely lower as the initial cost decreases as the demand increases. A
simplified approach to evaluating the cost of transformer |losses is given in

| EEE 141, Recommended Practice for Electric Power Distribution for Industria
Plants. A nore detailed evaluation of distribution transforner [osses is
given in the Electrical UWility Engi neering Reference Book, Distribution
Systenms. A nethod for specifying a transfornmer based upon m ni mum | osses is
provided in REA 65-2, Evaluation of Large Transformer Losses.

1.5 Speci al Construction. Refer to ML-HDBK-1004/4, Electrica
Utilization Systens, for criteria on the design of electrical work installed
in earthquake areas. Refer to NAVFAC DM 4. 05, 400-Hertz Medi um Vol t age
Conversion Distribution and Low Voltage Utilization Systens, for criteria
applying to 400-Hz, 4,160-V distribution systens. Refer to ML-HDBK-1012/1,
El ectronic Facilities Engineering, for criteria on the design of electronic
facilities. 1Incomng lines to electronic facilities shall be protected

agai nst |ightning generated surges in accordance with M L-HDBK-419, G ounding,
Bondi ng, and Shielding for Electronics Equi pnents and Facilities.
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1.6 Shore-To-Ship Distribution Systens. For each facility to be

desi gned, contact the ultimate user and determine the normal and internittent
maxi mum power requirenents anticipated; the quality Iimts for ship service
requi rements; and the safety regulations and cold iron needs for ungrounded
power systems in accordance with M L-HDBK-1025/2, Dockside Utilities for Ship
Servi ce.

1.7 Good Practice. For recogni zed good practice in electrical
di stribution design, refer to the followi ng as appropriate to the requirenent:

a) Beenman, Industrial Power Systens Handbook;

b) Fink and Beaty, Standard Handbook for Electrical Engineers,
Ref erence Book;

c) Electrical Transnission and Distribution Reference Book;

d) Electrical Uility Engi neering Reference Book, Distribution
Systens; and

e) Underground Systens Reference Book.
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SECTI ON 2: OVERHEAD DI STRI BUTI ON SYSTEMS

2.1 Circuit Design. Apply proper design criteria (refer to Table 1) to
the specific project. Also refer to NFGS-16302, Overhead El ectrical Wrk and
NFGS- 16335, Transformers, Substations and Switchgear, Exterior and M L- HDBK-

1190, Facility Planning and Design QGui de.

Table 1
Informati on Required For Circuit Design

| TEM SPECI FI C | NFORVATI ON REQUI RED

I ndi vi dual buil di ng

demand | oads Det ermi ne proposed demand | oads utilizing cal culation
nmethods sinilar to that used in Table 4 of M L-HDBK-
1004/ 1 or based on field measurenents.

Coi nci dent peak

demand
Determine facility peak demand utilizing cal cul ation
nmethods sinmilar to that use in Table 7 of M L-HDBK-
1004/ 1 or based on field measurenents.

Nurmber of circuits

and vol tage | evel Sel ect nunber of circuits and voltage |evel. Number
of circuits will depend upon | ocation and magnitude of
i ndi vidual | oads. Voltage |level or type of distribution
shoul d be in accordance with data in M L-HDBK- 1004/ 1.
Provide sufficient future capacity (+ or - 25 percent).

O her considerations Bal ance single phase | oads on nmulti-phase circuits.
Design large starting |loads to have a mnimal effect
on demands.

2.1.1 Application. Use overhead distribution because it is generally |ess
costly than underground. Where underground distribution is nore cost
effective, it should be used. When exceptions are considered, follow |l oca
requi rements and practices. For exanple, in Adak, Al aska, distribution is

pl aced underground in the unstable soil and nanhol es are pl aced above the
surface to keep mud from seeping into them Also, fanm |y housing areas and
facilities in residential areas, such as Point Loma, California, require
underground systens to be conpatible with the nei ghborhood. Additiona

| ocati ons where overhead construction should be avoi ded are covered in ML-
HDBK- 1004/ 1.

2.1.2 Capacity. Make provision for spare capacity in each portion of the
circuit.
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2.1.3 Wre Size. Select wire size in accordance with the current-carrying
capacity required and, where applicable, the voltage-drop linitation.

2.1.4 Physi cal Features. Select physical design features in accordance
with the type of circuit involved and the type of distribution; that is,
primary or secondary. Select fromthe follow ng types:

a) Open wire (bare or weatherproof) on insulators.

b) Aerial cable, self-supported or nessenger-supported, consisting
of insul ated bundl ed singl e-conductor cable or multiple-conductor cable.

2.2 Line Materials. Design pole Iines based on materials and
construction methods specified in NFGS-16302.

2.2.1 Pol es. Wbod, concrete (reinforced with prestressing or
pretensioning), or netal (steel or alumnum may be used. Use concrete or
nmetal poles only where they are nore econonical or special considerations
warrant their use. Treat wood pol es and crossarns as covered in NFGS-16302.

2.2.1.2 Heights and Classes. Linitations on pole heights and classes for
wood poles are given in Table 2. C ass normally used refers to primary poles
spaced not nore than 200 feet (61 m apart, which serve industrial or housing
areas and which are generally at least 40 feet (12 n) or nore in height. See
ANSI C2 for definition of classes. Refer to Table 3 for data on transforner
poles. Refer to Fink and Beaty, Standard Handbook for Electrical Engineers to
determ ne the linmitations on mninum hei ghts and classes for poles carrying

ot her equi prent .

2.2.1.3 Strength Requirenents. Refer to Fink and Beaty, Standard Handbook
for Electrical Engineers and ANSI C2 to determ ne the adequate physical and
structural requirenents.

2.2.1.4 Safety Factors. Refer to ANSI C2 for the m ninmum safety factors to
be used.

2.2.1.5 Pole Installation. For pole depth, refer to the criteria in Fink
and Beaty, Standard Handbook for Electrical Engineers and ANSI C2. Refer to
Fi nk and Beaty, Standard Handbook for Electrical Engineers for pole placenent
with respect to anchors or braces. Footings or reinforcements of the pole
butt-end shall be as required by foundation conditions.

2.2.1.6 Configuration. Use arm ess construction for aerial |ines because it
is less costly than crossarm construction and its use is aesthetically
preferred. For the same reason, use neutral -supported, secondary cable over
rack- supported individual conductors.

2.2.1.7 Crossarnms. Use crossarms mainly for equi pnent support. Follow the
criteria in Fink and Beaty, Standard Handbook for El ectrical Engineers.
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Tabl e 2
Hei ght and C ass of Wbod

POLE USE M NI MUM HEI GHT M NI MUM CLASS
CLASS NORMALLY
FEET (METERS) (a) PERM TTED USED
Li ne pol e 30 (9) 5 3 or 4
Corner pol e (guyed) 30 (9) 5 3 or 4
Cor ner pol e (unguyed) 30 (9) 2 --
Dead end pol e (guyed) 30 (9) 5 3 or 4
Dead end pol e (unguyed) 30 (9) 3 --
Transformer poles 35 (10.5) See Table 3 2 or 3

Transformer platform

using two pol es:
(1) Existing poles -- 5 --
(2) New pol es -- 3 --

Under ground cabl e
riser poles 2.4 thru
35 kV -- 3 --

Pol e--top switch -- 3 --

(a) Increase heights by not less than 5 feet (1.5 nmeters) if tel ephone or
signal wires are caried or are likely to be installed.

2.2.2 Guys and Anchors. Provide guys and anchors to support poles or |ine
towers agai nst horizontal unbal anced | oads caused by angles, corners, and dead
ends of lines and where required because of extrenme wind | oadings. Refer to
Fi nk and Beaty, Standard Handbook for Electrical Engineers for criteria.

2.2.2.1 Safety Requirements. Refer to ANSI C2 for mininumsafety
requirenents.

2.2.2.2 Design of Earth Anchors. Consult the manufacturers' catal ogs for
types of earth anchors and design data. Select the equi pment suitable for the
particul ar soil conditions and the construction nmethod to be used. Refer to
NAVFAC DM 7. 02, Foundations and Earth Structures for additional data on
anchors.
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Tabl e 3
Wbod Pole Sizes for Single Pole Transformer Installations

MAXI MUM TRANSFORMER RATI NG ( KVA)

POLE ONE
BANK OF THREE
ONE
M Nl MUM CLASS  SINGLE- PHASE  SI NGLE- PHASE ( CLUSTER MOUNTED) THREE- PHASE
5 5 -- --
4 15 -- --
4 25 -- --
3 37-1/2 -- 15
3 -- 3-15 30
2 50 3-25 45
2 75 3-37-1/2 75
1 100 3-50 112-1/2
2.2.3 Conductors. Refer to Fink and Beaty, Standard Handbook for

El ectri cal Engi neers for conductor characteristics.

2.2.3.1 Size Linmitations. Normally limt the use of pole line conductors in
accordance with Table 4, except for primary wires which usually should be not

| ess than No. 6 AWG (13.3 square m) copper or No. 2 AWG (33.6 square nm

alumi num The range of conductors in Table 4 gives the npst econom cal system
fromthe installation, operational, and nmai ntenance points of view. Specia

i nstances may require larger conductors. 1In all cases be sure that the type
and size of conductors used has adequate strength for span | engths and | oadi ng
conditions. Select conductor sizes to provide required mnimumstrengths in
accordance with | oading requirements of ANSI C2 for areas in the United States
and in accordance with facility |loading requirements for areas outside the
United States.

2.2.3.2 Normal Primary Lines. Normally, specify bare conductors for primary
lines stranded or solid construction as suitable to the size and conposition
as follows:

a) copper conductor, (Cu);

b) alum numall oy conductor, (AAQ);

c) alum num conductor, steel reinforced (ACSR); and
d) high-strength all-alum num alloy conductor (AAAC).

2.2.3.3 Tropical and Semitropical Locations. For tropical and sem tropica
| ocations, use AAAC rather than ACSR because the steel strands of the ACSR are
susceptible to corrosion.
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Table 4
Conductor Sizes for Overhead Lines

CONDUCTOR S| ZE
TYPE
Not | arger than Not smal l er than
Copper 4/0 AWG (107 m¥) 8 AWG (8.37 mm?)
Al um num 336.4 kcm (170 mmd) 6 AWG (13. 3nm)
2.2.3.4 Special Primary Line. |In special instances, use of other conductors
may be appropriate for primary conductors. |Insulated conductor, copper or

al um num preassenbl ed nonnmetal lic sheathed or netallic sheathed, messenger-
supported aerial cable is used where necessary to avoid exposure to open wire
hazards; for example, high reliability service in heavy storm areas. Conpound
conductor materials such as copper-clad steel, alum numclad steel, gal vanized
steel, or bronze are used to provide high strength or corrosion resistance.

2.2.3.5 Uilization Lines. For secondary or service drop cable, use
insulated nultiplex type, either copper or alum num

2.2.3.6 Dissimlar Conductor Connections. Install appropriate connectors
that are specifically designed for such use where necessary to connect

al um num conductors to copper conductors, in accordance with the instructions
of the manufacturer. Contact with dissinilar conductor materials shall be

m ni m zed.

2.2.4 Insul ators. To support bare or weat herproof conductors, select from
the follow ng types of insulator, as appropriate to the installation

a) suspension type, single or multiple;
b) spool type;

c) line-post type;
d) strain type; and
e) pin type.

2.2.4.1 Insul ator Conbinations. Various types of insulators may be

conbi ned; for exanple, strain type for anchor poles or dead ends with either
pin or line post for line insulation. Line-post types are considered to be
both | ess expensive and superior to pin types.

2.2.4.2 Dinensions and Loads. For dinension of insulators and pernissible
| oads, refer to the ANSI C29 standards as foll ows:

a) C29.1, Test Methods for Electrical Power |nsulators;
b) €29.2, Insulators, Wet-Process Porcel ain and Toughened d ass,
Suspensi on Type;
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c) C29.3, Wet-Process Porcelain Insulators, Spool Type;
d) C29.4, Wet-Process Porcelain Insulators, Strain Type;
5

e) C29.5, Wet-Process Porcelain Insulators, Low and Medi um Vol t age
Types;

f) C29.6, Wet-Process Porcel ain Insulators, Hi gh-Voltage Pin Type;

g) C29.7, Wet-Process Porcelain Insulators, Hi gh-Voltage Line-Post
Type;

h) C29.8, Wet-Process Porcelain Insulators, Apparatus Cap and Pin
Type; and
i) C$29.9, Wet-Process Porcelain Insul ators, Apparatus Post-Type.

In addition to the above, refer to the National Electrical Manufacturers
Associ ation NEMA HV-2, Application Guide for Ceramic Suspension |nsul ators.
Al so, refer to Fink and Beaty, Standard Handbook for Electrical Engi neers.

2.2.4.3 Insulation Levels. The application of ANSI C2 requires higher
insulation levels in locations where severe |ightning, high atnospheric
contam nation, or other unfavorable conditions exist. This applies
particularly to areas where saltspray contam nation can cause increased
operating stresses. Local practice in such areas should be checked in
det erm ni ng how rmuch increased insulation is considered necessary for

i nsul ators and whet her increased | eakage di stances for bushings and cable
term nations is al so desirable.

2.2.5 Hardware. |In locations sensitive to electronmagnetic interference,

install lines underground. |If aerial lines are provided, insulators nust be
of the radio-freed type. Provide hardware conmponents with |ocknuts to avoid
| oose connections, which could cause static. Locknuts nust be threaded, and

of a type which will prevent |oosening of the connection when wood nenbers
shri nk.
2.3 Li ne Regul ation. The voltage drop for primary |ines shall not

exceed 3 percent. Maintain the power factor of the Iine as close to unity as
econom cally practical so as to mininize systemlosses. Regulation utilizing
| oad-t ap-changing transforners to correct line voltage variations resulting
from changing | oads or utility company sendi ng-end voltage swings is covered
in Section 5. Requirenments for |ine equi pment foll ow

2.3.1 St ep- Vol t age Regul ators. Step-voltage regulators can rarely be
justified economcally for new construction. They may be used on existing
construction to nmeet voltage drop criteria when proven to be nore cost
effective than controlling the voltage drop by use of |arger conductors,

provi sion of additional lines, or by the installation of capacitors. Refer to
Fi nk and Beaty, Standard Handbook for Electrical Engineers for methods of
sizing feeder voltage regulators and for regulator safety and |ine drop
conpensation setting requirenents. Single-phase regulators are preferable as
being |l ess costly but require nore installation space.
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2.3.2 Capacitors. Capacitors raise voltage |levels by reducing the
reactive line | osses associated with reactive current flow between the
capacitor installation and the power supply. It is rarely economcal to apply

them for voltage inprovenent only. Capacitors are justified when their cost
over their service life is less than any utility conpany | ow power-factor
penalty cost. Take into account the cost of switching equi pnent to neet any
functional or utility conpany prohibitions against a | eadi ng power factor
Base design on shunt power capacitors that conformto | EEE 18, Shunt Power
Capacitors. Take into account the follow ng considerations:

a) Fixed capacitance is the anpbunt of capacitance that can be
applied continuously w thout excessive voltage rise at reduced | oad.

b) Switched capacitance is an additional anmount of capacitance that
can be applied, if provision is made to switch off this additional amount when
demand is reduced.

c) Select the type of capacitor switching that is best for the
condition at hand. Possible choices include renpote control of the capacitor
swi tching device, time clock control, or power factor or voltage sensitive
relay control .

d) Install capacitors in banks on poles, at-grade, or in a substa-
tion, as near as possible to the centroid of the area where correction is
required.

2.4 Transformers. Transformers can be nounted on poles, at-grade, or

i ndoors dependi ng upon size and site requirenents. Select a standardized

t hr ee- phase transformer, except where the load is small enough to justify a
si ngl e-phase transformer. Use oil-insulated transforners, except where site
conditions or econom c considerations nake their use prohibitive. Consider

| oadi ng, noise level, and transfornmer protection requirenments. Do not use
askarel -i nsul ated and nonfl anmabl e, fluid-insulated transfornmers because of
environnental concerns as to their insulation liquid. Use of other types of
i nsul ati on must be economically or functionally justified. Less-flanmable,
liquid-insulated units may be necessary where oil-insulated transforners
cannot neet fire-exposure requirenents as listed in M L-HDBK-1008, Fire
Protection for Facilities Engi neering, Design, and Construction. Epoxy-
encased ventilated dry-type units nmay be appropriate in areas where |iquid-
insulation | oss mght result in water pollution

2.4.1 Pol e Mounting. For single-pole mounting, limt the size of single-
phase or three-phase units in accordance with Table 3. Do not use pole-

pl atform nmounti ng (two-pole structures) except in instances where ot her

met hods are not satisfactory. It is recomended that maxi mum transfornmer size
be limted to the sizes shown in Table 3. For installations of 225 to 500
kVA, pad-nmounted, conpartmental -type transformers are recommended.

10
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2.4.2 At - Grade Mounting. For at-grade nounting on a concrete base, there
is no kVAlimt. Tanper-resistant transformers (classified as pad-nmounted
conpartnental -type units) should generally not be specified in ratings of over
500 kVA, but in no case larger than 750 kVA. \Wen sheet-netal enclosures are
not tanper-resistant, provide ground-nmounted units with a fenced encl osure or
even a concrete or brick structure, where adverse weather conditions make such
an installation advisable. For required clearances between buil di ngs and
insul ated transformers, refer to M L-HDBK-1008.

2.4.3 I ndoor Installations. |Indoor installations are covered in Section
5.
2.4. 4 Overl oad Capacity. Consider the accelerated |oss of equipment life

if transformers are to be overloaded. Refer to ANSI C57.91 CGuide for Loading
M neral -G | - Overhead and Pad-Mounted Distribution Transformers Rated 500 kVA
and Less with 65 Degrees C or 55 Degrees C Average W ndi ng, C57.92 Guide for
Loading Mneral -Q -1 mrersed Power Transformers up to and | ncluding 100 WA
with 55 Degree C or 65 Degree C Wnding Rise, and C57.96 CGuide for Loading
Dry-Type Distribution and Power Transformers and Fink and Beaty, Standard
Handbook for Electrical Engineers.

2.4.5 Transformer Noise Level. Refer to NEMA TR-1, Transforners,
Regul at ors and Reactors for maxi mum perm ssi bl e noise levels for transforners.

2.4.6 Overhead Distribution. Use the criteria in ANSI C57.12.20
Requi rements for Overhead Type Distribution Transforners, 500 kVA and Smal |l er:

Hi gh- Vol t age 67,000 Volts and Bel ow; Low Voltage 15,000 Volts and Bel ow. Do
not use self-protected transforners having an internal secondary breaker
internal primary fusing, and integrally mounted surge arresters. These
transformer accessories are provided for transformers generally described by
i ndustry as a pol e-mounted type. The replacenment of fuse links is considered
to require specialized personnel not usually available at naval facilities.

2.5 Circuit Interrupting Devices. Select fromfuses, circuit breakers,
and automatic circuit reclosers for protective |line considerations. Provide
switches to | ocalize defective portions of aerial and underground circuits and
to acconplish dead-circuit work. Select from nonl oad-break or |oad-break type
swi t ches.

2.5.1 Fuses. After consideration of the necessary current-carrying
capacities, interrupting duties, and time-current nmelting and clearing
characteristics, select fuses fromthe follow ng types:

a) open fusible |ink,

b) expul sion type,

c) boric-acid type, and
d) current-limting type.

11
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2.5.2 Current Limting Protectors. These fusible type devices devel oped
under an Electric Power Research Institute (EPRI) project, provide current
[imting on up to 15.5-kV systens for up to 1,200 A continuous currents. Use
them only where higher continuous ratings are required than are available from
standard fused cutouts or power fuse disconnecting units.

2.5.3 Circuit Breakers. Use a circuit breaker rating adequate for the
load interrupting duty and which provides selectivity with circuit breakers
and fuses ahead of or after the circuit breaker

2.5.4 Automatic Circuit Reclosers. Use the criteria in NEMA SG 13
Automatic Circuit Reclosers, Automatic Line Sectionalizers and Gl-Filled
Capacitor Switches for Alternating Current Systems. Use of automatic
reclosing for other than overhead lines serving residential or conmercia
| oads may cause problens. |n selecting the type of automatic circuit

recl oser, consider the reliability and continuity of service. Reclosers may
consist of a circuit breaker or a multiple switching device. Reclosers
operate so that a faulted circuit may be opened and then, either

i nstantaneously or with deliberate time delay, reclosed. Up to three
reclosures with varying tine intervals nay be used. Coordinate automatic
circuit reclosers with fuses or circuit breakers on the sane circuit.

2.5.5 Nonl oad- Break Switches. Use nonl oad-break switches only for the
interruption of circuits that carry no appreciable load. Select the type
appl i cabl e, depending on circuit inportance, |oad, voltage, and fault circuit
duty. The types avail able are porcelain di sconnect fuse cutouts, plain or
fused single-pole air disconnect switches, and disconnect fuse cutouts of
various types. Refer to manufacturers' catal ogs and NEMA SG 2, High-Voltage
Fuses. Di sconnecting and horn gap switches covered by ANSI C37.30, Definitions
and Requirenments for H gh-Voltage Air Switches, Insulators, and Bus Supports
and ANSI C37.32, Schedul es of Preferred Ratings, Manufacturing Specifications,
and Application Guide for H gh-Voltage Air Switches, Bus Supports, and Switch
Accessories are al so nonl oad- break swi tches.

2.5.6 Load- Break Switches Load-break switches are provided with an
interrupting device capable of disconnecting circuits under |oad. Fuse
cutouts, (covered by NEMA SG 2) which are designed to be | oad-break are
avail able, as are load interrupter sw tches which conformto ANSI C37.30 and
C37.32. Vacuum swi tches provide | oad-break features. Vacuum swi tches can
provide a wi de variety of operators and should be considered as an econom ca
met hod of providing automatic or renotely controlled switching.

2.6 Li ghtni ng Protection

2.6.1 Requi rements. Lightning protection can be provided by installing
surge (lightning) arresters, open or expul sion gaps, or overhead ground wres,
or by all three nmethods conbined. Also, consider the weather. For nost
distribution circuits, distribution surge arresters protecting transforners
and aerial -to-underground transitions are adequate. Overhead ground wires are
rarely considered to be an econonmical installation for distribution Iines, but

12
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are often used for protection of transm ssion lines. In areas where annua
lightning stornms are few, no protection for |ightning-induced surges may be
necessary. Local naval facility or utility conmpany practice should generally
be followed (refer to M L-HDBK-1004/6, Lightning Protection) for equipnent
protection, aerial-to-underground transition points, and other appropriate

| ocati ons.

2.6.2 Application. Select the proper arrester in accordance with the
Basi ¢ I nmpul se I nsulation Level (BIL) that applies to the voltage |evel of the
circuit. Followthe criteria in ANSI C62.1, Surge Arrestors for AC Power
Circuits; ANSI C62.2, CGuide for Application of Valve-Type Surge Arresters for
Alternating Current Systens and ANSI C62.33, Varistor Surge-Protective

Devi ces.

2.7 Cl earances. Provide the necessary horizontal and vertica
cl earances from adj acent physical objects, such as buildings, structures, or
other electric lines, as required by ANSI C2.

2.7.1 Contingency Interferences. Make provision to protect against
contingency interferences, such as broken poles, broken crossarns, or broken
circuit conductors.

2.7.2 Mul ti purpose Conditions. Provide for clearance conditions arising
from mul ti purpose joint use of poles.

2.8 Groundi ng. For information on groundi ng of overhead distribution
systens, refer to ANSI C2.

2.8.1 Safety. Provide grounding for all equipment and structures
associated with electrical systems to prevent shock fromstatic or dynamic
vol t ages.

2.8.2 Ground Resi stance Path. Provide a | ow i npedance path at the source
of fault currents, if a circuit contains a deliberate ground connection

2.8.3 Maxi mum Ground Resi stance. Do not exceed maxi mum ground resi stance
val ues specified in NFGS-16301, Underground El ectrical Wrk and NFGS- 16302,
and ANSI C2. Consider the source of electric power, capacity, magnitude of
fault current, and nethod of system grounding, as they affect this resistance.

2.8.4 Groundi ng Met hods. Groundi ng provisions shall conformto NFPA 70.
Groundi ng net hods for transforners mounted at grade are covered in Section 5.

2.8.4.1 Gound Rods. Ground rods may be used either singly or in clusters.
Drive the ground rods to ground water level for an effective and per nanent
installation. Provide for corrosion prevention by a proper choice of netals
or by cathodic protection. Were ground water cannot be reached, chem cals
such as magnesi um sul phate (MySQ,) or copper sul phate (CuSO,) may be used to
i mprove soil conductivity where necessary. Mnufacturers of ground rods can

13
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provi de data on such treatnent. Provide for easy maintenance and periodic
testing. Driving ground rods deeper using sectional rods nmay be nore
effective than using multiple rods. |In many cases, soil variations and
possi bl e bedrock may nmake provision of additional rods | ess expensive.

2.8.4.2 \ater Pipe Connections. Make no connection to any sprinkler piping
in accordance with NFPA 24, Installation of Private Fire Service Miins and
their Appurtenances. The electrical system may be grounded to a water supply
system except where nonnetal lic pipes, cathodically protected netallic pipes,
or insulating couplings are incorporated in the water pipe system Suppl ement
t he water pipe connection by other grounding el ectrodes where required by NFPA
70.

2.8.4.3 Conbination of Grounding Methods. Where the ground resistance in an
exi sting systemis high, any of the aforenentioned nethods nay be conbined to
ef fect inprovenent.

2.8.4.4 Gound Connections. Keep wires running from protective devices (for
exanpl e, gaps, grading rings, expulsion or protection tubes, and surge
arresters) to ground as straight and short as possible. Were bends are
necessary, provide themof large radii to keep the surge inpedance as | ow as
possi bl e.

2.8.5 Overhead Ground Wres. Were overhead ground wires are used for
protection of electric lines, provide a ground connection fromthe overhead
ground wire to a wire loop or a ground plate at the base of the pole or to a
driven rod, depending on the existing soil conditions. Use of wire waps or
pole butt plates is allowed by ANSI C2 only in areas of very | ow soi
resistivity. Gound the overhead ground wire at each pole.

2.8.6 Measur ement of Ground Resistance. Measure ground resistance by
usi ng one of the foll ow ng nethods:

a) Three-Electrode Method. |In the three-electrode nmethod, two test
el ectrodes shall be used to measure resistance of the third electrode, the
ground point. A self-contained source of alternating current and a battery-
operated vibrator source providing direct reading are comercially avail abl e.

b) Fall-of-Potential Method. The fall-of-potential method involves
an ungrounded alternating current power source which circulates a measured
current to ground. Voltage readi ngs taken of the connection to auxiliary
grounds all ow use of Ohns law to determine the ground resistance. Refer to
Fi nk and Beaty, Standard Handbook for El ectrical Engineers.

2.9 Service Drop to Buildings. Local considerations and current
capacities dictate the type of service drop to buildings from overhead

di stribution systenms. Provide either underground service into the building
froma pole riser or self-supporting service cable strung fromthe pole to the
building (refer to ANSI C2).

14
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2.10 Ri ght -of -Way. \When not installed on government property, obtain a
right-of-way for the electrical distribution or transm ssion system by
outright purchase of the land or by linmted or perpetual easenent. |In the

case of easenents, the right to perform mai ntenance on the |ine nust be
covered.

2.10.1 Wdths. Where possible, the width of the right-of-way shall be
sufficient to avoid all conflicts (refer to ANSI C2) between the |ine and

ot her adjacent structures. This width includes all obstructions and
underground utilities, except where necessary for the underground utilities to
pass at right angles to the right-of-way. The requirements for mininumw dth
on naval activities shall conformto the follow ng right-of-way w dths:

Li ne vol tage (kV)
Recomended mi ni mum ri ght - of -way wi dth
across uninproved land in feet (meters)

Up to 7.5 40 (12)
7.5 to 20 60 (18)
20 to 35 80 (24)
35 to 68 80 (24)
68 to 92 80 (24)
92 to 120 100 (30)

2.10.2 Trees. Because trees adjacent to any overhead |line pose a |line

cl earance problem ensure that growing trees do not result in any line outage
or damage. Conplete renoval of all trees in the right-of-way is probably
environnental |y unacceptabl e. Renove tree species, which in conjunction with
t he weather and soil condition are liable to uprooting if their |ocation poses
a clear danger to the line. Oherwise trimtrees to provide a hazard-free
operation for at |east 2 years. Conpetent persons shall do the trinming to
avoi d excessive tree damage and to assure that trees off the right-of-way are
not trimmed by mstake. OCbtain the | andowner's perm ssion for any trimmng
and conduct a though cleanup after trimm ng.

15
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Section 3: UNDERGROUND DI STRI BUTI ON SYSTEMS

3.1 Circuit Design. Follow the circuit design procedure outlined in
Section 2 of this handbook for overhead distribution systens. For additiona
criteria, refer to M L-HDBK-1190.

3.2 Direct Burial. Install direct-burial cables only in areas that are
rarely disturbed. After first considering econonic, maintenance, and
reliability effects, restrict direct burial to |ight |oads, to roadway
lighting systens, and to |long untapped runs in |ow density areas. In sone

i nstances, a ninimal anmount of taps nmay be acceptable.

3.2.1 Protection. For protection against nechanical injury, nmedium

vol tage direct-burial cables can be provided with a protective covering of
metal arnor. Consider the need for such protection, such as against dig-ins
or because of possible termte or rodent attack, on a case-by-case basis.
Possi bly other protective neans are nore economcal. \Where corrosion

consi derations are of inportance, provide arnored cables with a plastic or
synthetic rubber jacket. For cable specifications, refer to NFGS-16301
Provide a colored warning tape 6 inches (52.4 m) above the direct-buria

cabl e.

3.2.2 Install ation

3.2.2.1 Trench Dinmensions. Provide trenches in accordance with the
requi rements of NFGS-16301 and NFGS- 02225 Excavation, Backfilling, and
Conpacting for Utilities.

3.2.2.2 Cable Protection. General installations shall be in accordance with
requi rements of NFGS-16301. Where additional protection of buried cable
against dig-ins is necessary, provide a continuous 1-inch (25.4 nm thick
treated wood plank or a concrete slab, not less than 2 inches (50.8 m) thick
| ocated directly above a top layer of sand in lieu of or in addition to a
protective covering. Accommpdate protection against ternmtes or rodents by
using a chemcal treatnment. Obtain approval of the treatnent by the facility
prior to use.

3.3 Draw I n Systens. Drawin systens consist of duct systens (which may
i ncl ude access points such as manhol es and handhol es) in which cable is drawn
after the duct system has been installed. Provide a drawin system where
overhead distribution is not feasible (refer to ML-HDBK-1004/1). Provide a
drawin system for distribution of |arge blocks of electric power, where many
circuits follow the sane route or are run under pernmanent hard pavenents, or
where service reliability is paranount.

3.3.1 Duct Lines
3.3.1.1 Routes. Select duct line routes to balance maximumflexibility with

m ni mum cost and to avoid foundations for future buildings and ot her
structures.
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3.3.1.2 Miltipurpose Conditions. \Where it may be necessary to run

conmuni cation lines along with electric power distribution |ines, provide two
i sol ated systens in separate manhol e conpartnents. \Were possible, run ducts
in the same concrete envel ope.

3.3.1.3 dearance. Keep electric and conmunication ducts clear of all other
underground utilities, especially high-tenperature water or steam pipes.

3.3.1.4 Materials. Acceptable standard materials include the various types
of plastic as specified in NFGS-16301. Rigid steel conduit may al so be
install ed bel ow grade and provided with field or factory applied coatings for
corrosion protection where required.

3.3.1.5 Size of Ducts. Base the size of conduits in a duct bank shall be
based on consideration of the follow ng factors:

a) for general electric power distribution, do not use less than 5
inch (127 nm ducts;

b) for communication duct banks, normally use 4 in. (101.6 nm
ducts although 3 inch (76.2 nm ducts may be acceptable in sonme cases;

c) special cases may require use of larger sizes, but such sizes
shall be functionally justified.

3.3.1.6 Arrangenent of Duct Banks. For best heat dissipation, use an
arrangenent of two conduits wide or high. This may be inpossible where a

| arge nunmber of ducts are involved. The vertical, two-conduit-w de
arrangenent enables the cables to be nore easily racked on nmanhol e wal I s but
may not be as econonical as the horizontal two-conduit-high arrangement. For
di mensi ons and arrangenent of duct banks see Figure 1. Encase conduits in
concrete in accordance wi th NFGS-16301

3.3.1.7 Drainage. Drain all ducts to manholes with a constant slope in
accordance with NFGS-16301. Where two manholes are at different elevations, a
single slope follow ng the general slope of the terrain nay be the nost

econom cal . Where grades are flat or crest between manhol es, a single slope
usual ly requires too nuch depth in one of the manholes. In this event,
generally slope the duct fromthe crest area to both nanholes, keeping a

m ni mum earth coverage on the highest elevation

3.3.1.8 Spare Capacity. Include ducts for planned future expansion, plus 25
percent additional spare ducts for unplanned expansion.
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Loupar REINFORCHNT IS PROVIDED UNDER RAILAOAD TRACKS IT SHALL EXTEND AT LEAST 12°' (3.5w)
BEYOND THE OUTER RALLS.

REINTORCED DUCT BANXS

Figure 1
Duct Line Sections
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3.3.2 Manhol es and Handhol es. Use doubl e manhol es where el ectric power
and comuni cation lines follow the same route. Select manhol es and handhol es
of a suitable type from NFGS-16301

3.3.2.1 Selection. Factors bearing on the choice of nmanhol es and handhol es
are number, direction, and location of duct runs; cable racking arrangenent;
met hod of drai nage; adequacy of work space (especially if equipnment is to be
installed in the manhole); and the size of the opening required to install and
renove equi prent .

3.3.2.2 Location. Place manhol es or handhol es at street intersections,
where required for connection or splices, and where necessary to avoid
conflict with other utilities. Manhole separation shall not exceed 600 feet
(182.8 mM on straight pulls and 300 feet (91.2 n) on curved duct runs.

Decr ease spaci ng where necessary to prevent installation damage. Linmt pull-
in strain to a point that will not damage cabl e insulation or deformthe
cable. A description of maxi mum perm ssible pulling forces is given in the
Under ground Systens Reference Book.

3.3.2.3 Use. Use manholes for all main duct runs and wherever nedium

vol tage cable is installed. Handholes may be used on |l aterals from manhol e
and duct line systenms for |ow voltage power and comunication |ines for
bui | di ng servi ces.

3.3.2.4 Construction of Manholes. Provde nmanhol es not |ess than 6 feet

(1.8 m) in depth, by 6 feet in length, by 4 feet in width with an access
opening to the surface above (outer air) of not less than 30 inchrs (762 mm
in diameter. Provide manholes with a mnimumwall space of 6 feet on al
sides where splices are to be racked. Duct entrances into the manhol e can be
| ocated near one end of long walls so that sharp bends of cables at the duct
nmout h are avoi ded, or else provide sufficient space for a reverse bend before
t he cabl e straightens out on the wall on which the cable is to be racked.

3.3.2.5 Construction of Handholes. Provide handhol es not |ess than 4 feet
(1.2 m in depth, by 4 feet (1.2 m in length, by 4 feet (1.2 n) in width with
a standard manhol e cover and sunp of the same type provided for manhol es.
General ly at |east four racks should be installed. Were nore than two splices
occur, a manhole may be nore appropriate. \Were splicing or pulling of |ow
vol tage or comuni cation cables requires an access point, but the vol unme

provi ded by handhol e is unnecessary, pullboxes may be nore suitable for the
installation.

3.3.2.6 Stubs. Provide a set of spare stubs so that the manhole wall wll
not need to be di sturbed when a future extension is made.

3.3.2.7 Hardware. Select hardware applicable to each installation (refer to

NFGS- 16301). Where end-bells are provided, cable duct shields are necessary
only for protection of nmetallic-sheathed cabl es.
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3.4 Underground Cables. Cable installations make up a | arge portion of
the initial distribution systeminvestnment, contribute to a | esser extent to
t he annual mai ntenance and operating costs, and affect systemreliability.
Ther ef ore, underground cabl es and their acconpanying protective and operating
devi ces shoul d be selected in accordance with criteria set forth in the

foll owi ng paragraphs. The joint specifications of the Insul ated Cable

Engi neers Associ ation-National Electrical Mnufacturers Association (|CEA-
NEMA) and the specifications of the Association of Edison Illumnating
Conpani es (AElI C) should be used as covered by NFGS-16301. | CEA- NEMA

speci fications cover mediumvoltage cabl es which are nmanufactured as stock
items. Requiring nediumvoltage cable to neet AEIC specifications should be
l[imted to medi um vol tage cabl es which are not stock itenms (35-kV rating) or
where the footage installed is |arge enough for manufacturers to make a
speci al run.

3.4.1 Si ngl e- or Miltipl e-Conduct or Cabl es

3.4.1.1 Single-Conductor Cables. Single-conductor cables are usually used
in distribution systens because the installed cost is |ess than that of
mul ti pl e- conduct or cabl es.

3.4.1.2 Miltiple-Conductor Cables. Select multiple-conductor cables where
justified by special considerations such as installation in cable trays,
twisted to provide | ower inductance for 400-Hz distribution systens, or for
Hi gh-al titude El ectromagnetic Pul se (HEMP) hardened systens.

3.4.2 Conductor WMaterials

3.4.2.1 Anneal ed Copper. Select anneal ed copper for high conductivity,
flexibility, and ease of handling; it is used in all forns of insulated
conduct ors.

3.4.2.2 Medium Hard-Drawn Copper. Medi um hard-drawn copper has greater
tensile strength than anneal ed copper but may not be avail able as a stock
item Its use in long pulls and unsupported vertical risers is acceptable;
however, procurement difficulties nake other designs nore advisable.

3.4.2.3 Aluminum Generally, alum num conductors are pernitted as a
contractor's option to copper subject to the restrictions of NFGS-16301
except where corrosive conditions linit usage.

3.4.3 Preferred Cable Insulations. Insulation material to be used in a
speci fic design depends on the system voltage and the thermal, mechanical, and
chemical effects fromthe installation involved. Use crosslinked-Polyethylene
(XLP) or ethyl ene-propyl ene rubber (EPR) whenever possible. These insulations
provi de the maxi mum rated conductor tenperatures for operating, overload, and
short-circuit conditions for cables rated up to a maxi mum of 35 kV.
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3.4.3.1 Advantages. Both XLP and EPR are thernpsetting, solid dielectric
conpounds with excellent electrical insulation properties, good chenica

resi stance and physical strength charateristics, and both remain flexible at
| ow t enper at ures

3.4.3.2 Disadvantages. Although EPR is nore expensive than XLP and both
have excellent noisture resistance, the degradati on phenonenon called treeing
appears to occur nore frequently in XLP and is aggravated by the presence of
water. EPR also is |less susceptible to corona discharge activity than XLP
but in a properly designed and manufactured cabl e, damagi ng corona i s not
expected to be present at the usual operating voltages.

3.4.4 O her Insulations. Use other insulations only where specia
circunstances warrant their |ower-rated conductor tenperatures or their |ower
rated maxi mum vol tage class. Use of such cables, especially those with
netallic sheaths, nust be functionally or economcally justified.

3.4.4.1 Polyvinyl-Chloride. Select polyvinyl-chloride (PVC) mainly for
power and control wiring for ratings of 2 kV or less. This thernmoplastic is
highly resistant to noisture, oils, chenicals, and abrasion, but has high
dielectric |osses.

3.4.4.2 Polyethylene. Select polyethylene mainly for roadway |ighting,
control, and conmunication cables. This thernoplastic has good noisture

resi stance and stabl e physical and electric characteristics under tenperature
variations. Polyethylene exhibits the same susceptibility to treeing and
corona di scharge as XLP

3.4.4.3 Butyl-Rubber. This thernpsetting insulation has high dielectric
strength and is highly resistant to nmoisture, heat, and ozone. It can be used
up to 35 kV, but has lower rated conductor tenperatures than either XLP or

EPR.

3.4.4.4 Silicone-Rubber. This thernpsetting insulation is highly resistant
to heat, ozone, and corona. It can be used in wet or dry |ocations, exposed,
or in conduit. It has the highest rated conductor tenperatures but can only
be used for applications up to 5 kV.

3.4.4.5 Mneral-Insulated Cable. Mneral-insulated cable is conpletely
seal ed agai nst the entrance of I|iquids and vapors along the cable run. It is
rated at 600 maxi mum

3.4.4.6 Rubber. Use rubber insulated conductors for ease of splicing, good
noi sture resistance, and |low dielectric |osses.

3.4.4.7 Varnished-Canbric. Use varnished canbric insulation for resistance
to ozone and oil and for ease of splicing. Use varnished-canbric principally
in conjunction with paper insulation where oil nigration is a problem \Where
installed in wet or highly hum d | ocations or underground, provide varnished-
canbric with a suitable sheath.
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3.4.4.8 Paper-lInsulation. Use paper-insulation for lowionization, |ong
life, high dielectric strength, Iow dielectric |osses, and good stable
characteristics under tenperature variations. As with varnished-canbric

i nsul ation, paper-insulation requires a suitable protective netallic-sheath.
It may be specified as a contractor's option when exi sting cables are paper-
i nsul ated, or as a requirenent when the extra cost is justified because
neither XLP nor EPR provide the required qualities.

3.4.5 Cabl e Sheat hs

3.4.5.1 Nonnetallic. Provide nonnmetallic sheaths which are flexible,
noi sture repellent, and | ong-Ilasting.

3.4.5.2 Metallic. Cables exposed to nechani cal danage or high interna
pressure require a netallic sheath, such as |ead, aluminum or steel. Certain
i nsul ations require such protection in all cases, such as paper and varni shed-
canbric.

3.4.6 Cabl e Coverings. For corrosion protection of netallic sheaths,
specify a suitable covering or jacket.

3.4.7 Shi el ded Cabl es. Provide shielding of a nediumvoltage distribution
cable to confine the electric field to the insulation itself, and to prevent
| eakage currents fromreaching the outside surface of the cable. Insulation

shielding is required on all nonnetallic-sheathed cable rated 2 kV and above
and all metallic-sheathed cable rated 5 kV and above. Shields should be
grounded to reduce the hazard of shock. Gounding is required at each splice
and at each ternmination, otherw se dangerous induced shield voltages may
occur.

3.4.8 Cable Splicing. Provide cable splices in accordance with NFGS-
16301. Al um numto-copper and nonnetal lic-jacketed to | ead-covered cable
connections are easily made when connectors and splicing materials are
correctly utilized and installed so as to prevent any gal vanic action or oi
m gration which mght occur. Such transitions are not permtted when
installing new |lines; however, splices of this type nmay be necessary for
connecti ons between existing and new worKk.

3.4.9 Cabl e Fireproofing. Fireproof cables operating at 2,200 V or over
or exposed to the failure of other cables operating at these voltages, in
manhol es, handhol es, and transformer vaults, as required by NFGS-16301
Exceptions may be nade where physical separation, isolation by barriers, or
ot her considerations pernit, if approved by the local Naval Facilities

Engi neeri ng Command ( NAVFACENGCOM) having jurisdiction

3.4.10 Cable lIdentification. Tag cables in all nmanholes to identify
circuity, cable size, cable conductor and insulation type, voltage rating,
manuf acturer, and date installed. Cable identification provided on the

i nsul ation by the nmanufacturer need not be repeated unless covered up by
fireproofing. |In handholes and at other termination points only a circuit
identification is required.
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3.4.11 Gas Pressurized Cable. Sulfur hexafl ouride gas pressurized cable or
i ntegrated gas spacer cable can be considered for use when used with either
XLP or EPR insulations. The jackets of direct-burial cables or field-
installed or factory-coil able conduits can be pressurized with this gas.

3.4.11.1 Sulfur hexaflouride Gas. This gas has five tinmes the density of air
and acts as an "invisible liquid" as it stays in place even when exposed to

air. It is electro-negative with no oxygen or carbon; has a high arc

resi stance; will not support conbustion; and is odorless, tastel ess, and
nontoxi c. When used with XLP and EPR insul ations, it prevents water vapor

di ffusion, water treeing, and gaseous ionization. It provides nonitoring for

i ndi cati on of mechani cal damage during shiprment, installation, and during
operation. Sul fur hexaflouride gas inproves the Iightning and inpul se
strength and can provide a rehealing of insulation after an el ectromagnetic
pul se insulation failure. The gas pressure protects against interna
corrosion of metal parts. The SF; gas provides extra electrical strength in
splices and term nations.

3.4.11.2 Installation. Expand the requirenments for integrated gas spacer
cable of NFPA 70 to cover the XLP or EPR insul ation requirenent. Determne
appropriate installation requirements for direct burial, in conduit, or as
submarine cable from manufacturers. In cold climtes, indicate tenperature
ranges, so a gaseous nixture which prevents liquification is achieved.

3.4.11.3 Optional Usage. Where adequate requirenents are provided, gas
pressurized cable nay be used as an option to cables covered in NFGS-16301

3.5 Underground Transformers. Use vaults to house transforners and
associ ated equi prment for underground distribution systens.

3.5.1 Equi pnrent. Use subway (subnersible) type equi pnent.

3.5.2 Vault Design. Design transformer vaults in accordance with M L-
HDBK- 1008 and i nclude the foll owi ng provisions:

a) Provide adequate ventilation to prevent a transforner
tenmperature in excess of the values prescribed in ANSI C57.12.00, Genera
Requi rements for Liquid-lmersed Distribution, Power and Regul ating
Transformers, and C57.12.01, Ceneral Requirenents for Dry-Type Distribution
and Power Transformers. This limtation requires that nost of the electrica
heat [ osses must be renoved by ventilation; only a mnor part can be
di ssipated by the vault walls. NFPA 70 recomrends 3 inch (19 square cn) of
clear grating area per kilovolt-anpere of transformer capacity. |In localities
wi th above average tenperatures, such as tropical or subtropical areas,

i ncrease the grating area or supplenment by forced ventilation, dependi ng upon
t emper at ure extrenes.

b) Provide adequate access for repairs, maintenance, and
installation and renmoval of equiprment. Refer to working space requirenents
covered in Section 5.
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c) Provide isolation to prevent transm ssion of fires or expl osions
to adj acent vaults.

d) Provide all vaults with drai nage. Wen normal drainage is not
possi bl e, provide a sunp pit to permit the use of a portable punp.

3.6 Cabl e Anpacities. Design the current-carrying capacities for
underground cables, either direct burial or in ducts, in accordance w th NFPA
70 adjusted to fit the specific application. The NFPA 70 tables |ist

i ndi vi dual anpacities for various sizes and number of conductors, wth other
assuned conditions, which may or may not apply to the design under

consi deration. Paraneters given are as foll ows:

a) An anbient earth tenperature of 68 degrees F (20 degrees Q)

b) An arrangenent with cabl es spaced either 7.5 inches (190.5 mm
or 24 inches (609.6 mm center-to-center

c) A 100 percent |oad factor
d) A thermal resistance (RHO of 90.

e) A conductor tenperature of 194 degrees F (90 degrees C) or 167
degrees F (75 degrees C) dependent upon voltage.

Adj ustment factors are given only for different anbient earth tenperatures.

No corrections are included for different |load factors, thermal resistances,
conduct or spaci ngs, or cable tenperatures. A |load factor of 50 percent and an
RHO of 60 are not unusual which could increase the listed anmpacity by as nuch
as 15 to 50 percent. Detailed calculation nethods along with anpacities for
other conditions are contained in | EEE/ | CEA P-46-426, Power Cable Anpaciti es.

3.7 Saf ety Considerations. Effectively ground all electrical equipnent
and hardware installed in vaults and manhol es by the use of ground rods.
Ground exterior shields of cables as covered previously. Gound netallic
sheat hs of cables at each splice and each term nation. Bonding together of
nmetallic sheaths in a manhol e nmaintains the sheaths at a comon potential near
ground and reduces personnel danger and arcing when a cable fault occurs.
VWere it is the policy of the facility, a ground conductor may be required to
be installed with each primary feeder and the ground conductor should be

i nterconnected at nmanhol es and vaults to their groundi ng systens.
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Section 4: SUBMARI NE CABLE SYSTEMS

4.1 Prelim nary Consi derations

4.1.1 VWere Permtted. Use submarine cable only where |ocal conditions
rule out the use of any other system

4.1.2 Installati on Problens. Consider installation problens at the tine
of design. These problens (for exanple, practical |ength of cables, size of
reels, and transportation to site) will vary for each particular installation.
4.2 Locati on Consi derations. Wen considering |locations, consider the

soundi ngs and the restrictions described in paras 4.2.1 through 4.2.4.

4.2.1 Soundi ngs. Obtain soundings al ong several proposed crossings to
obtain the nost convenient profile. Wthin the United States, soundings can
be obtained fromthe Departnment of the Arny, Corps of Engineers. For

| ocations outside the United States, consult |ocal authorities.

4.2.2 Hydraulic Restrictions

4.2.2.1 Turbulences. Do not install subnarine cables in waters where bottom
turbul ences may occur. Cables exposed to continuous vibration have short
lives due to nechanical fatigue of metallic sheaths.

4.2.2.2 Currents. Provide cables installed across rivers with currents with
a curved upstream concave alinement. Determ nation of the amount of curved
al i nement necessary depends upon the speed of the current.

4.2.2.3 Variable (Changing) Waters. Obtain approval for routes and mi ni mum
depths for crossings under variable waters fromthe Department of the Arny,
Cor ps of Engineers or by the corresponding authority.

4.2.3 Cheni cal Conposition of Waters. Do not install submarine cable near
sanitary sewers, chem cal discharges, dunping areas, or wharves where waste
mat eri al has accumul ated. Make a provision based on a water analysis for any
chemical reaction with the cable sheaths and coverings. Were feasible,
consider the installation of cable integrally installed in a plastic conduit
or provided with a protective corrosion-resistant jacket.

4.2.4 Marine Traffic. Bury any cables crossing through waters adjacent to
marine traffic to a depth that elininates any damage from draggi ng anchors.
Large ships may drop anchors up to 15 feet (4.5 m) in depth on sand bottons.

4.3 Installation. Install cables to lie on the bottom with anple slack
so that slight shifting will not place excessive strain on them Because of
the great weights involved when any considerable | ength of submarine cable is
to be sunk across a waterway, use installation methods to keep tensile
stresses at a minimum The ideal lay of a submarine cable on a bottomis a
series of horizontal S-curves. This pattern provides the slack necessary to
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prevent injurious straining of the cable. Where two parallel cables cross,
provide a separation of 100 feet (30.5 n) to avoid fouling and to permt work
space (refer to criteria in the Underground Systens Reference Book).

4.3.1 Burying Cable. 1In addition to |aying cables on the bottom consider
burying them by the jetwater method. By this technique, the cable is
installed simultaneously with the trenching operation. Several cables or
cables integrally installed in plastic conduits can be installed at the sane
time. The installation of cable integrally installed in plastic conduit

provi des cable protection and facilitates future replacenent.

4.3.2 Anchors. \Where a cable crossing is subjected to flow or tida
currents, anchors are usually required to prevent excessive drifting or
shifting of the cable along the bottom These anchors can be made fast to the
cable by a series of U-bolts that pass through a conmon base plate, thus
affording a nultiple grip. Either U-bolts, eyebolts, or other nmeans may be
provided for attachment of the anchor cable or chain. Odinarily, anchors are
masses of concrete |arge enough to resist current drag.

4.3.3 Warning Signs. Provide suitable warning signs to indicate the

| ocations of the shore ends of a subnmarine cable. These signs should state
that ship anchoring is prohibited in the imediate vicinity of the cable.
Signs are required for every submarine cable crossing.

4.3.4 Pile Clusters. Frequently clusters of piles are driven on the
upstream side of inportant cables where they enter and | eave the water. These
clusters supply visual aid in locating the points where the cable is anchored.

Clusters also provide a certain anount of mechanical protection for
the cabl es, and furnish platfornms on which to nount warning signs.

4.3.5 Maps. The devel opnent of accurate maps is one of the nost inportant
steps in an extension of a subnmarine cable installation. Mps indicate the
exact location of the cable at various points along its length, as established
by surveying instruments. To estinmate cable novenment or drifting on the
bottom the maps nmust also indicate the exact length of the cable installed
bet ween any two reference points.

4.4 Cabl e Types. Lead-sheathed cable is generally used for subnarine
installations and is usually arnored. Insulations shall be Cross-1inked

Pol yet hyl ene (XLP) or Ethyl ene-Propyl ene- Rubber (EPR) except where the paper-
insulated type is justified because it has qualities neither XLP nor EPR
provide. Use multiple-conductor cable unless linmted by physical factors.

4.4.1 Met al | i c- Sheat hed Cable. Cables usually are sheathed with copper-
bearing | ead, but other alloys nay be required where special conditions
war rant nonst andard sheat hi ng.

4.4, 2 Arnored Cabl e
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4.4.2.1 Application. Use wire-arnored cable where extrene tensile strength
and hi gh resistance to nechani cal danage are required. In this type of cable,
asphal t-inpregnated-jute usually is applied directly over the | ead sheath, and
the wire-arnor is applied over the jute to reduce nmechani cal damage and

el ectrolytic corrosion. An additional covering of asphalt-inpregnated-jute
may be applied over the arnor.

4.4.2.2 Wre-Arnmor. Wre-arnmor is usually nmade of gal vani zed steel wire.
The gal vani zing protects the arnor from corrosi on and reduces electrolytic
corrosion of the |ead sheath. This reduction, however, may be at the expense
of the arnor, because under certain conditions the zinc passes fromthe arnor
to the | ead sheath.

4.4.3 Nonnet al | i c- Sheat hed Cable. For submarine service, cables without a
nmetallic sheath are satisfactory for certain applications. Wen cables

wi t hout protective | ead sheaths are used, they should be types nmanufactured
specifically for submarine service. They may or may not require wire arnor.
Such cabl es are provided with insulation of extra thickness for all sizes and
vol t ages.

4.4.4 Shi el ding. Nonnetal | i c-sheat hed cabl es shoul d be shi el ded

t hroughout their lengths. Nornmally the voltage rating will already require
shi el di ng.

4.5 El ectrical Connections. Cable ternination, splicing, and bonding is

as follows:

4.5.1 Term nati ons

4.5.1.1 Potheads. A |ead-covered submarine cable is occasionally connected,
at either or both ends, to an overhead line. Under such circunstances, use a
pothead with an integral wi ping sleeve as a convenient nethod of term nating
the cable. This nethod elimnates the junction box on shore and associ at ed

| abor costs of the extra cable splices. By bringing the subnmarine cabl e out
of the ground in a suitable conduit sleeve, or other nmechanical protective
arrangenent, the cable can be supported on a permanent steel or wooden
structure. Cables in conduit strapped to the supporting structure, are then
run directly into a pothead, which is mounted at the desired hei ght on the
same supporting structure.

4.5.1.2 Three-Conductor Potheads. Adverse atnospheric conditions can nake
it dangerous to use three-conductor potheads for such cable term nals. Under
such conditions, the multiple-conductor cable may be spliced out with single-
conduct or cabl e and singl e-conductor potheads enployed to permt increased

cl earances between pot head bushi ngs.

4.5.2 Splices. Use maxi mum | engths of cables to reduce the number of
splices. The types of splices shall be in accordance with NFGS-16301
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4.5.3 Bondi ng. Cabl e sheaths and arnor shall be bonded together at every
splice and at both shore ends.
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SECTI ON 5:  SUBSTATI ONS

5.1 General Considerations. Substations are categorized in this
handbook by type of system supplied and their physical location. Since there
are many types, substation term nology and | ayouts are provided for guidance
and to assist in understanding criteria applications.

Table 5
Subst ati on Term nol ogy

TERM DEFI NI TI ON

Subst ati on An assenbl age of equi prment for purposes other than
generation or utilization, through which electric
energy in bulk is passed for the purpose of switching
or nodifying its characteristics.

Unit substation A substation consisting primarily of one or nore trans-
formers which are nmechanically and electrically
connected to and coordinated in design with one or nore
swi tchgear or notor control assenblies, or conbinations

t her eof .
Primary unit A unit substation in which the | ow voltage section is
rated substation above 1000 volts. See NEMA 201, Primary Unit
Subst ati ons.
Secondary unit A unit substation in which the | ow voltage section is
rated substation 1000 volts and bel ow. See NEMA 210, Secondary Unit
Subst ati ons.
Articul ated unit A unit substation in which the incom ng, transform ng
and substation (pri- outgoing sections are manufactured as one or nore
mary or secondary) subassenbl i es intended for connection in the field.
Load center (a) A manufacturer's designation for an articul ated
secondary unit substation with secondary sw tchgear (also known
as a power center).
Integral trans- A load center with a secondary panel board instead of
former | oad center (a)secondary sw tchgear
Pad- mount ed A transformer utilized as part of an underground
conpart nent al - di stribution systemw th encl osed conpartnent(s) for
type transformer hi gh- and | owvol tage cabl es entering from bel ow and

nmount ed on a foundati on pad.

(a) Terms not listed in | EEE Standard 100.
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5.1.1.1 Type of System Supplied. Usually substations either supply
secondary (utilization) voltages to buildings, or primary (distribution)
voltages to |l arge areas of a naval facility.

5.1.1.2 Location. Substations are |ocated indoors or outdoors for utili-
zation voltage service and outdoors normally for distribution voltage service.

5.1.2 Definitions. Definitions used by organizations which prepare
standards on swi tchgear (ANSI, |EEE, NEMA) differ fromthose that

manuf acturers use. To provide a commpn basis for ternms used in this handbook
and in NFGS-16321, Interior Transformers, NFGS-16335, NFGS-16462, Pad- Mounted
Transfornmers, and NFGS-16465, Interior Substations, the definitions of Table
5 are given. Except as noted, all usage in this manual and correspondi ng
NFGS's agrees with the definitions of | EEE Standard 100, |EEE Standard
Dictionary of Electrical and El ectronic Terms.

5.1.3 Typi cal Substation Layouts. For typical substation |layouts, see
Figures 2, Conpartnental -Type Transformer Installation, 3, Radial-Type
Articul ated Secondary Unit Substation Installation, 4, Secondary Unit
Substati on Grounding, and 5, Preferred Design for a Transmi ssion to
Distribution (Primary) Substation.

5.2 I ndoor Unit Substations. Articulated unit substations with a
primary voltage of 15 kV or less may be installed indoors. Substations are
normal |y of the secondary unit type except where 2,400 V or 4,160 V secondary
distribution is used to serve |arge notor |oads. Pad-nounted conpartnental -
type units should generally be restricted to exterior |ocations.

5.2.1 Prelimnary Considerations. Ensure material and equi pment conforns
to NFGS- 16465 based on consideration of the follow ng:

5.2.1.1 Location. Mike a selection of the number of unit substations and
their locations based on the nost econonical bal ance between the cost of a
secondary distribution systemand the cost of transformers, swi tchgear, and a
primary distribution system Install |oad centers where they are econonica
for small concentrated |oads. Integral transforner |oad centers do not

i nvol ve great installation expense. Dry types may be located in the same room
with | oads; they provide good voltage regul ati on and have ni ni mum ener gy

| osses.

5.2.1.2 Capacity. Transforners |arger than 500 kVA for 208Y/ 120 V building
service are not permtted. Sinmilarly, do not specify transformers in ratings
of over 1,000 kVA or in exceptional cases larger than 1,500 kVA for 480Y/ 277 V
buil di ng service and only where functionally required. The use of smaller
transformers supplying |larger |oads adds flexibility and reliability to the
system Shore-to-ship service may require larger transformers. Transforners
rated 1,500 kVA or |arger should utilize secondary busway where a connection
to a nonintegral secondary sw tchgear section is required unless such a
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connection is inpracticable. \Were |arger transforner capacities are
justified, provide current-linmting fuses in conjunction with primary or
secondary protective devices or other nethods of liniting the available fault
current to an acceptabl e val ue.

5.2.1.3 Safety. Al current-carrying parts of unit substations nust be
dead-front construction, usually in grounded netal enclosures. In sonme cases,
nonmetal i c encl osures, such as fiberglass may be functionally required.
Provide interlocking to prevent accidental contact with live parts when
working within the switchgear enclosure. For exanple, interlock access doors
to primary fuse conpartnments so that access is possible only when the primary
switch is open.

5.2.2 Design. A unit substation, by its definition, has coordi nated
sections; therefore, provisions for future addition are possible at m ni num
cost, if adequate space is provided.

5.2.2.1 Munting. Provide a concrete base. Munt substations on channels
or other supports which are flush with the top of the base.

5.2.2.2 Short-Circuit Duty. Coordinate circuit interrupting devices with
each other. Each device shall be capable of clearing the maxi num fault
avail able. Bracing for bus bars and other current-carrying parts should be
capabl e of withstanding the nechani cal stresses produced by the maxi mum
avail abl e short-circuit current.

5.2.2.3 Primary Protection. Use air-type load interrupter switches with
current-limting fuses, unless other protection such as circuit breakers or
liquid-type switches are nore appropriate. Use of circuit breakers may be
required to provide sufficient interrupting duty, or because coordi nated
tripping is required. Circuit breakers are nore reliable than sw tches, but
their additional cost nust be justified. Use of liquid-imersed switches is
appropriate for certain installations, such as in underground vaults.

5.2.2.4 Lightning Protection. Coordinate |ightning protection w th other
conponents of the distribution systemthat may be exposed to surge voltages.
Provi de arresters when necessary. Wen dry-type transforners with | ower

Bl L???? ratings are used, extra protection may be required.

5.2.2.5 Secondary Protection. Use either netal-encl osed, |owvoltage power
or nol ded-case circuit breakers as protection. Normally for building
services, nol ded-case units are used for less than 1,200 A and | ow voltage
power units are used for higher anperages. For shore-to-ship service, |ow
vol tage power units are required.

5.2.2.6 Instrunentation. Provide unit substations of nore than 500 kVA with
at least an ammreter and a secondary voltmeter. The use of wattneters
(recording or indicating) and voltneters, for primary service netering, wll
depend on the individual installation. For provision of watthour demand
meters with pulse initiators, see requirenents for energy nonitoring in this
section.
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5.2.3 Arrangenents. Use standard arrangenments where possible. Standard
unit substations have the primary switch on the left, the transformer in the
mddle, the circuit breakers on the right, and space for future additions.

5.2.3.1 Reversed. Were conditions dictate otherw se, the reversed
arrangenent nay be adopt ed.

5.2.3.2 Doubl e-Ended. Use doubl e-ended unit substations where two primary
sources are required to provide reliability. See Figure 6 for a layout of a
secondary-sel ecti ve-type doubl e-ended arrangenent. Each transformer and its
associ ated equi pment shall be capable of carrying the essential |oads of both
sections. Refer to ML-HDBK-1004/1 for additional policy on selection of

el ectric power sources for standby service. |In sizing the transforners, take
into consideration all owabl e overloading. Refer to ANSI C57.91, C57.92, or
C57.96, for overloading. Were the normal doubl e-ended unit substation is
used, provide for contenplated future expansion; this arrangenment does not
permt addition of unexpected future circuit breakers. For applications where
future expansion nmay be greater than normal, or unpredictable, consider two
ot her arrangements requiring nore floor area and initial cost, but which
permt easy addition of sections, or replacenent of transforners with |arger
units. One arrangenent has the primary, transform ng, and secondary sections
for each half in separate lineups, with a tie bus or conduit and wire
connecting the two. The tie breaker may be in either |ineup. The other
arrangenent has the primary and transform ng sections, along with the
secondary mmi n breakers separate fromthe secondary |ineup

5.2.3.3 Secondary Spot-Network. Use secondary spot-network unit substations
for loads requiring an unusually high service reliability where the increased
cost can be justified. Figure 2 would represent a secondary spot-network
substation with a two-transforner input to a multiple-feeder output, if the
tie circuit breaker were elimnated and the secondary main circuit breakers
were shown with network protectors. This systemis the nost reliable power
supply for large | oads, since any fault on the primary input to the secondary
bus is automatically disconnected by the network protector operating at a
speed which greatly mnimzes voltage dips fromfaults or |arge transient

| oads. The extra cost of the additional transforners and network protectors
pl us possibl e increased secondary duty ratings fromthe increased short-
circuit capacity of parallel transformers makes this a very expensive
installation, especially when in the usual case, three or four transforners
are parall ed.

5.2.4 Transformer Insul ations. |Indoor unit substation transformers of the
dry-type may be used and need not be installed in vaults. Less-flanmable,
[iquid-insulated units may be installed without a vault where pernitted by
NFPA 70. \Where vaults are required for |ess-flammable, |iquid-insulated
transformers in some cases and in all cases for oil-insulated transforners,
their installation shall conformto NFPA 70. Provide an econom c or

32



M L- HDBK- 1004/ 2A

functional justification for the type of unit provided. Select the insulation
type on the basis of surroundi ng at nosphere and basic inmpul se insulation |eve
required. Check loading characteristics fromANSI C57.91, C57.92, or C57.96
maki ng sure that the | ower inpulse |level standardly provided for dry-type
units are adequately protected. Ensure equi pment conforms to NFGS-16465.

5.2.4.1 Dry-Type Units. Conventional-ventil ated, epoxy-encased-ventil ated
(cast resin), or gas-filled are all considered dry-type units. Normally the
conventional -ventil ated type, as the least costly, shall be installed.

However, consider using the epoxy-encased type for units which serve in a
stand- by status. Conventional units readily absorb noi sture when not

energi zed and need speci al handling when re-energi zed; epoxy-encased types do
not. Epoxy-encased types can be considered to be better braced for short-
circuit duty since the epoxy entirely supports the coils. Restrict gas-filled
types to hazardous area locations, if such units cannot be | ocated outside the
danger ous area.

5.2.4.2 Nondry-Type Units. Install only less-flammable, |iquid-insulated
and oil-insulated units. Do not install askarel-insul ated and nonfl ammabl e,
fluid-insulated umts.

5.2.4.3 Insulation Conparisons. For a conparison of the various transformer
i nsulations refer to Table 6. Cost conparison is based on the cost of oi
filled outdoor type transformers. Cost percentages given first are for indoor
| ocations. Second cost percentages given in parentheses are for outdoor

| ocations. Costs are based upon transformers with cores nade of silicon-stee
materials. Anorphous Core Transformers, with cores nade of anorphous netal,
costs approximately twi ce the cost shown on Table 6. Cost of anorphous core
transformers is based upon Year 1991 price. Refer to section paragraph 1.4.3
for nore information on Anorphous Core Transformers.

5.2.5 Unit Substation Rooms. Ensure unit substation rooms do not contain
any pipes, ducts, or other foreign systems, except those required for fire
protection, ventilation, and drai nage of the room however, dry-type units may
be installed without a separate roomif piping is not run i medi ately over
such units.

5.2.5.1 Drainage. Provide roonms containing liquid-insulated transforners
with concrete curbs and an appropriate drainage systemto prevent liquid from
spreading to adjacent roons. Use the criteria in NFPA 70 for unit substation
r oons.

5.2.5.2 Access. Design equipnent roons where primary sw tching equi prent,

other than transformer switching, is installed with not |ess than two separate
access doors for use by authorized personnel only.
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5.2.5.3 Ventilation. Provide ventilation adequate to dissipate heat given
of f by transforners and associ ated equi prent and to maintain safe operating
tenmperatures. Gravity ventilation is usually not adequate for indoor
substati on roons; in such cases, mechanical ventilation should be provided.
In air-conditioned buil dings, an econonical and positive nmeans of ventilating
substation roons is to exhaust tenpered air from conditioned spaces through
the substation room

Table 6
Conpari son of Types of Transforner I|nsulation

LI QUI D- | NSULATEDDRY- TYPE

TRANSFORMER

QUALI TI ES aL LESS- CONVENTI| ONAL EPOXY- GAS-
FLAMVABLE ENCASED  FI LLED

Rel ati ve 100% 100% Varies(1) Varies(1) Varies(1)

| mpul se strength

(BI'L)

Tenperat ure 55 or 65 55 or 65 80 or 150 80 or 150 120

rati ng(degree Q)

Rel ative X X X + 10 dB X+ 10 dB X + 10 dB

audi o sound

level in dB (2)

Rel ative wei ght 100% 120% 80% 95%

125%

Rel ative 100% 100% 100% 105% 120%

di nensi ons

Appl i cation out door ( 3) al | i ndoor all (4) al

Mai nt enance routine routine routine routine | ow

Rel ati ve Cost 237% (100% 200% (130% 125% (127% 200% (200%

220% (220%)

(1) Varies from 33 to 66% dependi ng on voltage level. Higher BIL ratings for
dry-type transforner are available, but an increased cost for conventiona
and gas-filled types.

(2) X indicates normal decibel level for liquid-imersed units.

(3) Indoor also in fire-resistant vaults when nore econonical than other
types.

(4) Not recommended in extreme environment containing excessive dirt or dust
or containing concentration of corrosive el enents.
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5.2.5.4 Noise. |If local conditions require less than NEMA TR-1 recomended
audi o sound | evels, nake an econoni c conpari son between the cost of
transformers having | ower than standard noi se | evels, and the cost of sound
and vibration isolation of the transformer room Avoid |ocating unit
substati on roons near critical spaces requiring | ow noise |levels, such as
audi toriuns, sick bays, or living quarters (refer to NAVFAC DM 1. 03,
Architectural Acoustics).

5.2.5.5 Energency Lighting. Provide enmergency lighting, of the battery-
operated type, in unit substation roomns.

5.3 Qut door Wilization Voltage Substations. Base material and

equi pment on NFGS-16335. Generally, transformers are be grade-nmounted type
subject to the linmtation given in this section. Transforners nmay be pol e-
mount ed type only when such transforners conply with the requirements given in
Section 2.

5.3.1 Secondary Unit Substation Types. Secondary unit substations shoul d
generally follow the criteria given previously for indoor unit substations
except that requirements for outdoor installations apply. Because these units
are not tanperproof, protect substations from unauthorized access by chain
link fencing of at least 7 feet (2.1 m in height as a m nimumrequirenent.
Provide three strands of barbed w re above for additional protection only
where such substations are in housing areas or otherw se exposed to nilitary
dependents or where required by the using agency. Oher fence materials to
provi de equi pnent nmaski ng, sound absorption, or protection against sabotage
may be necessary in sonme cases (see Figure 3).

5.3.2 Pad- Mount ed Conpartnmental - Type Transforner Units. Provide units in
accordance with the requirements of NFGS-16462. This specification linits the
primary protective options to group-operated, |oad-break switches. Since such
units are tanmper resistant, they need not be fence-enclosed (see Figure 2).

5.3.2.1 Units 500 Kilovolt-Anperes and Snaller Units are not Provided with
Ei ther Taps or a M ni num Percent |npedance Unl ess Specified. To prevent
excessive interrupting duty on secondary equi pnent it nay be necessary to
check manufacturers' ranges of avail able inpedances, as there is no industry
st andar d.

5.3.2.2 Units Larger than 500 kVA. Pad-nounted units in three-phase units

| arger than 500 kVA are available up to a capacity of 2,500 kVA. These units
are | ess expensive than secondary substation units. However, because primary
protective devices available for such |larger sizes do not provide dead-front

| oad- break features within the pad-nmount construction, the use of units |arger
than 750 kVA is not recomended.

5.4 Qut door Distribution Voltage Substations. Design these substations
to nmeet the criteria for acceptable power sources in M L-HDBK-1004/1 and the
recomendati ons of the Base Exterior Architecture (BEA) plan
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5.4.1 Structure- Mounted Equi prent. Structure-nmounted equi pment shoul d be
used for voltages above 35 kV. The use of nodern |owprofile netal structures
with tubular type or H beam supports is considered the npst desirable design.
The conventional lattice-type structure is unattractive in appearance, nore
difficult to maintain, and nore vulnerable to the twisting forces from heavy
wi nds (see Figure 5).

5.4.2 Transformers. Primary unit substations require |less |and space, are
visually [ ess objectionable, and because of the integrated transformer to
secondary connection, are nore reliable than separate substation transforners
and secondary protective devices.

5.4.3 Connection to Primary Distribution Lines. An underground connection
fromthe station to aerial |ines should be provided when distribution voltage
is 35 kV or less. An underground line not only provides aesthetic enhancenent
but reduces vulnerability to lightning or other weather or man-produced

i nterruptions.

5.5 Subst ati on Consi derations. Consider the effects that the actua
site electrical configuration, type of inconm ng and outgoing swtching, need
for supporting structures and surge protection, type of transforners, and
control features have on a substation |ayout.

5.5.1 Site Effects. 1In the design of a substation, consider the follow ng
factors:

a) Architectural requirenents; |andscaping.

b) Exposure conditions; for exanple, at the seashore or in other
corrosion-produci ng at mospheres.

c) Physical conditions such as snow or ice, sandstorns, altitude,
and | ack of rainfall

d) Adjacent terrain and installations affect |andscaping |ayout and
noi se treatment. Utilize the influence of the direction of prevailing w nds
on sound propagation to mninize noise exposure (refer to NAVFAC DM 1. 03).

5.5.2 Electric Configuration. Determine the electrical configuration with
the respect to provisions for adequate station capacity plus supply and feeder
circuit conditions. Consider supply circuit requirements for the follow ng
condi tions:

a) single or multiple supply,

b) supply circuit voltage and phases,

c) overhead or underground supply required, and
d) primary swtching.

For feeder or load circuits, deternmine the follow ng conditions:
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a) number of circuits,

b) capacity of circuits,

c) voltage and phase, and

d) overhead or underground distribution required.

Finally, consider coordination of circuit protective devices between supply
and feeder circuits.

5.5.3 I ncom ng-Line Switching. Design the substation with a m ni mum of

i ncom ng-line switching consistent with good mai ntenance and operation. For
rati ng of equipnent, refer to M L-HDBK-1004/3, Sw tchgear and Rel aying. Al so,
consi der the met hods described in paras 5.5.3.1 through 5.5.3.3.

5.5.3.1 Circuit Breakers. Use circuit breakers only when the circuit
interrupting or relaying requirements do not allow the use of sw tches.
Provi de a di sconnect and bypass switching features where drawout circuit
breakers cannot be utilized.

5.5.3.2 Switches. Switches are covered in Section 2 of this handbook. For

vol tages of 15 kV or less, load interrupter or disconnect switches are

avail able. Load interrupter switches disconnect circuits under fully | oaded

conditions and are therefore usually the npst desirable choice. Use

di sconnect switches only to interrupt transforner exciting currents. The use
of disconnect switches is not recomrended, except for primary incoming |ines

where secondary circuit breakers can interrupt |oads. Assure that operators

do not open di sconnect switches under |oad, either by interlocking with | oad

swi t ching equi prent or by operating procedures.

5.5.3.3 Current Limting Protectors. Current liniting protection devices
are covered in Section 2. They are generally inappropriate for substation use
where netal -encl osed or netal -clad switchgear for 15-kV applications provides
a nore desirable design.

5.5.4 Qut goi ng- Feeder Switchgear. For ratings and sel ection of equipnent,
refer to M L-HDBK-1004/ 3.

5.5.4.1 600 V and Less. For load circuits bel ow 600 V, select from one of
the foll ow ng:

a) netal-enclosed (|l owvoltage power) circuit breakers where
reliability and the |l onger withstand rating period are desirable; or

b) nol ded-case circuit breakers. Ml ded-case circuit breakers nust
be further defined as to tripping and interrupting currents and whether fully-
rated capability or other features are desirable. The use of the term
"i nsul ated case" conveys no mnimumrequirements in accordance with any
recogni zed i ndustry specification and should not be used.
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5.5.4.2 Over 600 Volts. For load circuits over 600 V, use criteria in ML-
HDBK- 1004/ 3 to select fromthe foll ow ng:

a) either oilless, netal-clad, mediumvoltage circuit breakers,
preferably of the vacuumcircuit breaker type; or

b) grounded, netal-tank type, frame-nmounted circuit breakers, wth
open di sconnecting switches. Circuit breakers may be oil, gas, vacuum or
conpressed air type. GO l-insulated type shall be installed only in outdoor
| ocations and only for voltages exceedi ng 35 kV.

5.5.5 Substation Structures. Depending on the chosen design, the
substation structure may consi st of the foll ow ng:

a) flat concrete base without elevated structures, applicable for
under ground supply and load circuits served by netal -cl ad switchgear

b) steel or alum num superstructures nmounted on concrete piers; or
c) a conbination of either of the aforenmentioned systens.

5.5.6 Transf ornmers

5.5.6.1 Selection. Consider the types of insulation that are suitable for
the site and the system voltages (see Table 6). Select oil-insulated for

out door applications, except where fire safety considerations require the use
of less-flammable, liquid-insulated insulation which is not usually avail abl e
for voltages above 34.5 kilovolts. For indoor installations, see the

par agraph on transformer insulations of this section

5.5.6.2 Cooling. Forced cooled ratings are only available on |larger size
transformers; check their availability before specifying. Dependent upon
standard ratings and overl oad capacity cal cul ations, specify the cooling
nmet hod from one of the foll ow ng:

a) self-cooled, type QA

b) one-stage forced-cool ed, type FA,

c) two-stage forced-cool ed, type OA FA,

d) one-stage doubl e-forced-cool ed; forced-oil, forced-air, type FOA,
or

e) triple-rated, types QA FA/ FOA/ or QA FA FA

5.5.6.3 Transforner Capacity. Choose the transfornmer rating by considering
the maximum |l oad to be carried for normal and contingency conditions and the
possibility of accepting overloading with accelerated | oss of systemlife.
Transformers should be sized for 10 to 25 percent nore than cal cul ated | oads
to minimze future growth costs.

5.5.6.4 Fire Protection. For mni mum safe di stances of transfornmers to
buil di ngs and other fire protection criteria, refer to ML-HDBK-1008. Al so
refer to | EEE 979, Guide for Substation Fire Protection
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5.5.6.5 Transforner Noise. Specify transformer noise levels as given in NEMA
TR-1. \Wen standard noise levels are found to be too high, estimte the cost
ef fecti veness of sound mi nim zing nmet hods such as:

a) specifying a transforner with a | ower noise |evel
b) utilizing sound barriers, or
c) designing a sound-absorbing encl osure.

5.5.7 Li ghtning Protection. Were supply or load circuits are overhead or
when equi pment is located on el evated structures, lightning protection is
required in all areas, except those with few lightning storms annually. Data
on the nean annual nunber of thunderstormdays in the continental United
States is given in NFPA 78, Lightning Protection Code. Local practice for
lightning protection should be followed. Install [ightning rods on substation
superstructures where required for lightning protection. Surge (lightning)
arresters are required at all elevated structures for each circuit, for
ground- nount ed equi pnent served by overhead |ines and not within the
protective range of other arresters, and el sewhere where surges coul d damage
equi pment. Determ ne ratings of arresters according to the equi pment to be
protected, impulse insulation |evels of equipnment, and the expected di scharge
currents the arrester nust withstand. Arresters are designed to di scharge
surges and are classed according to their protective level. They are
constructed in various ways to provide nonlinear volt-tine characteristics.
The National Rural Electric Cooperative Association (NRECA) Research Project
82-5, Lightning Protection Manual for Rural Electric Systens provides a source
of information concerning lightning protection for distribution systens.

5.5.7.1 Classes. Select class of arrester based on the follow ng guidelines:

a) Use station-class surge arresters on substations with incom ng
and outgoing aerial circuits above 15 kV.

b) Use internediate-class surge arresters on substations with
i ncom ng and outgoing aerial circuits above 600 V to 15 kV, except where
station-class arresters are required on transforner termnals to provide
adequat e protection.

c) Use distribution-class arresters at substations where they
provi de adequate protection for switchgear and as backup protection for
arresters located at the junction of overhead and underground i ncom ng and
out goi ng | i nes.

5.5.7.2 Types. Arresters are designed so that at power frequencies current
does not flow, but at a level of overvoltage which would danage system

i nsul ation, the arrester provides a | owinpedance path to di scharge |ightning
i nduced or other high frequency power surges.
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The silicon-carbide valve arrester has an el ement with nonlinear
vol t-anpere characteristics which linmits the follow current to a val ue that
the series gap can interrupt. This type is being phased out by manufacturers.

The netal -oxi de varistor type arrester provides the nost nodern
solution to the problens resulting fromsurge voltages, since its gapl ess
construction nmeans there is no volt-tine-gap sparkover characteristic to be
consi dered.

5.5.7.3 Additional Requirenents. Refer to ML-HDBK-1004/6 for additiona
lightning protection criteria.

5.5.8 Control Features

5.5.8.1 Instrunentation. Instrumentation should be in accordance with
nmetering and rel ayi ng requirements of M L-HDBK- 1004/ 3.

5.5.8.2 Energy Mnitoring. Check |ocal energy nonitoring requirenments to
assi st in energy conservation and appropriate |oad shedding. |n general
instrument transformers belonging to a utility conpany cannot be used for
noni toring. Watthour nmeters at distribution substations should be of the
pul se initiator type. At utilization substations, it is suggested that

watt hour meters be provided with the pulse initiator feature, as the cost is
not excessive. Wile the use of instantaneous and peak demand wattmeters for
all transforners |arger than 500 kVA is recommended, actual provisions should
be those required by the activity. As a mninmm always provide at all new
di stribution substations, conduit installed to the |ocation selected for a
future nmonitoring panel fromthe foll ow ng points:

a) energy sensing instrunent transforners,
b) a 120 V power source, and
c) a comunication line tie-in.

5.5.8.3 Control Cables. For control cables refer to | EEE No. 525, Guide for
the Sel ection and Installation of Control and Low Vol tage Cable Systens in
Subst ati ons.

5.6 Subst ati on Worki ng Space and Access Requirenents. Design indoor and
out door substation layouts to provide safe working space and access to neet
the requirenents of NFPA 70 keeping in mind any need for installing and
renovi ng equi pnment, vehicle access necessary for outdoor substations, and
adequacy of floor or foundations to support equi pnent weights.

5.6.1 Desi gn. Allocate adequate space early in the progranmi ng/pl anni ng
stages. Future expansion space should be clearly delineated as should safety
exit requirenents. Interior space for substations is always at a prem um

whi ch can be further mninized by the intrusion of structural elenents or
installation of mechanical equipnment. Electrical requirenents are often
under est i mat ed.
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5.6.2 Exi sting Construction. When electrical upgrading of existing
construction is involved, take into account any extra space and costs required
to meet current NFPA 70 code requirements. Working space and access

requi rements have beconme nore stringent as successive codes are issued and
many exi sting vaults or substation installations my not neet current

criteria. |f the design cannot nmeet current NFPA 70 requirements, then a

wai ver must be obtained fromthe proper authority.

5.7 Groundi ng. Provide a grounding el ectrode system for each substation
and connect equi pnent and system grounds so as to provide personnel and
equi prent protection and groundi ng continuity.

5.7.1 Groundi ng El ectrode Systens. Provide el ectrode systens made of
either the girdle or grid type using horizontal conductors running between
vertical ground rods.

5.7.1.1 Grdle Type. Use girdle type systens for pad-nmounted com partnental -
type transformers and secondary unit substations (see Figure 4).

5.7.1.2 Gid Type. For the much larger voltage gradients at substations for
utility-Navy interconnections use the grid-type, buried groundi ng network
Mesh spacings of 10 to 12 feet (3 to 3.5 m are comonly used and normal ly
such spaci ngs can control surface voltage gradi ents even though the ground
resi stance may be relatively high.

5.7.1.3 Special Techniques. See reconmendations of |EEE 80, Guide for Safety
in Substation Grounding. Were the local utility or activity indicates the
speci al groundi ng techni ques are necessary because of poor soil conductivity,
their recomrendati ons should be followed. Refer to | EEE 142,

Recommended Practice for Grounding of Industrial and Comrercial Power Systens
for a discussion of soil resistivity. Refer to NFGS-16302 for maxi num

al | owabl e ground resistance val ues.

5.7.2 Equi prent Grounding. Gound netallic enclosures, including cases of
primary and secondary swi tchgear and transformers, to protect operating
per sonnel

5.7.3 System Groundi ng. Unl ess functional requirenments prohibit grounding,
provide all transformers with wye-connected neutral connections grounded
i ndependently at each voltage level, that is, at the transformer secondary.

5.7.3.1 Neutral Grounding. Normally, provide solid grounding, since this is
the | east expensive nmethod of limting transient overvoltages while obtaining
sufficient ground fault current for selective tripping. Provide inpedance
groundi ng only when required to limt ground fault currents to acceptable

val ues or where required by code, such as for portable substations or to match
exi sting systemdesign. Refer to ML-HDBK-1004/1 for additional requirenents.
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5.7.3.2 Gound Fault Protection. G ound-fault protection for each system
vol tage level is independent of the protection at voltage |levels for
transformers connected delta-we or delta-delta. A circuit breaker having
ground fault protection can be set to operate for |ower ground fault |evels
and provi des fast operation since no downstream coordi nation is required.
Fuses have fixed time-current characteristics. On secondary unit substations,
| ow-vol tage circuit breakers with ground fault tripping should be used on

mai ns and on large or inportant feeder units as a minimm if selectivity can
be achieved. On distribution substations, the additional cost for circuit
breakers must be justified on the basis that the inproved selectivity is
required for reliability. Refer to | EEE 242, Recomrended Practice for
Protecti on and Coordi nati on of Industrial and Commerci al Power Systens, for
ground fault protection application data.

5.7.4 Grounding Continuity. The nost inportant consideration in grounding
is assuring continuity of the grounding system Provide special danger points
such as metal -structure nounted switches and surge arresters of transnission
to distribution substations (see Figure 5) with dual ground paths. G ound
wires run with primary feeder cables nay be required either because of

exi sting station practice or for other reasons.

5.7.4.1 Fault Current. NFPA 70 requires a |ow inpedance ground path for
fault currents. Were reliable | ow inpedance paths for utilization
subst ati ons cannot be provided because of soil conditions, equipnent

| ocations, or other factors, install a ground wire with the primary feeder
cabl e back to the distribution system substation.

5.7.4.2 Portable Substations. NFPA 70 requires that the exposed noncurrent-
carrying netal parts of portable substations nust be connected with an

equi prent groundi ng conductor run with the primary feeder back to the point
where the system neutral inpedance is grounded. The reason for such a
requirement is that the mobility of the portable substation precludes a
predesi gned groundi ng el ectrode system

5.8 Saf ety Considerations. Provide for public safety and for protection
of operating personnel with respect to the factors described in paras. 5.8.1
t hrough 5. 8. 5.

5.8.1 Fenci ng. Connect fencing, including gates, to substation groundi ng
(refer to DM5.12, Fencing, Gates, and Guard Towers). For aesthetic reasons,
pl astic-coated fabric may be used. G ounding this type of fabric requires
renoving the coating to get a good ground. A touch-up plastic should recoat
any uncoated areas not covered by the ground connection. Application and

mat eri al should be as reconmended by the fence nmanufacturer

5.8.2 Met al Encl osures. For personnel safety, use nmetal or fiberglass
encl osures around all live parts.

5.8.3 Locking of Gates. Provide |ocks on gates. |Interlock sw tchgear
doors to prevent access to live parts.
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5.8.4 Bondi ng of Gates. For groundi ng purposes, provide gates with bonding
straps across hinges.

5.8.5 Legal Warning Signs. Legal warning signs are required on fences and
el ectrical equi pment encl osures which are unfenced. Cuidance for warning
signs in famly housing and conmunity center areas is given in NEMA 260,
Safety Labels for Padnmounted Switchgear and Transformers Sited in Public

Ar eas.
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